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(54) Phase change optical disk 

(57) A phase change optical disk 10 is disclosed, 
which comprises a first dielectric layer 14, a recording 
layer 16, a second dielectric layer 18, a reflective layer 
20, a third dielectric layer 22, and an ultraviolet cure res- 
in layer 24, these layers being laminated in the men- 



tioned order on a substrate 12. The substrate 12 is of 
polycarbonate or the like, the first to third dielectric lay- 
ers 14, 18 and 22 are of ZnS-Si0 2 or the like, and the 
recording layer 16 is of GeSbTe or the like. The reflective 
layer 20 is of a tarnsparent material, such as silicon (Si) 
or germanium (Ge). 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to optical data record- 
ing media with the optical state thereof variable by laser 
beam irradiation and, more particularly, to phase 
change optical disks. 

Optical data recording media such as magnetoop- 
tical disks and phase change optical disks are well 
known in the art, which are capable of recording, erasing 
and reproducing the data by laser beam irradiation. 
Phase change optical disks permit ready construction 
of optical heads and ready over-writing. Researches 
and investigations for (realizing higher density have 
been made. 

For realizing higher density, the land/groove record- 
ing has been extensively researched, in which both land 
and groove are used for recording and reproduction. In 
the land/groove recording, reduction of cross-talk from 
adjacent land region or adjacent groove region is a se- 
rious problem. Regarding the cross-talk reduction, a 
technique of making the groove depth to be greater than 
a conventional value of A/8 or a technique of removing 
influence of cross-talk in a signal processing, are well 
known in the art as described in Japanese Laid-Open 
Patent Publication No. 5-282705. 

For obtaining equal recording and reproducing 
characteristics with both the land and groove regions 
based on the above techniques, it is necessary to make 
the optical phase difference A(J) = <t>a-(J>c between crystal 
state and amorphous state of a recording layer of the 
phase change optical disk to be approximately 0 degree. 

For further density increase, a technique of combin- 
ing the land/groove recording and mark edge recording, 
in which the data are provided at opposite ends of the 
recording mark, is promising. Particularly, in applica- 
tions to the image recording or the like, high data trans- 
fer rates are desired, which dictates realization of high 
linear speed mark edge recording. In the mark edge re- 
cording, it is important how to reduce jitter. It is well 
known in the art that in order to realize high linear speed 
mark edge recording with the phase change optical disk 
by reducing the jitter in the over-writing, it is necessary 
to make the light absorption coefficient Aa of crystal to 
be higher than the light absorption coefficient As of 
amorphous. 

Fig. 1 2 is a schematic sectional view showing a prior 
art phase change optical disk. As shown, the phase 
change optical disk 30 is obtained by laminating on a 
substrate 12 a first dielectric layer 14, a recording layer 
1 6, a second dielectric layer 1 8 and a reflective layer 32 
in the mentioned order. The substrate 12 is of polycar- 
bonate (PC), the first and second dielectric layers 14 
and 18 are of ZnS-Si02, the recording layer 16 is of 
GeSbTe, and the reflective layer 32 is of aluminum. 

With the prior art phase change optical disk 30 as 
stated, however, the reflective layer 32 which is made 



of aluminum or like metal, hardly transmits light. There- 
fore, it is difficult to control the light absorption coefficient 
of the recording layer 16. In addition, under a condition 
that Ac > Aa, it is difficult to increase (Rc-Ra) in order to 
5 ensure satisfactory signal quality or C/N or simultane- 
ously meet A0 = 0 in order to obtain the equal recording 
and reproducing characteristics with both land and 
groove. 

Fig. 1 3 is a graph showing optical characteristics 
w versus thickness of the first dielectric layer in the phase 
change optical disk shown in Fig. 12. Reference is now 
had to Figs. 12 and 13. 

Where the thickness of the first dielectric layer is in 
the neighborhood of 240 nm, the condition of Ac > Aa 
is is satisfied. However, A<t> is greater than 70 degrees and 
cannot satisfy A<J> = 0. It is thus impossible to reduce 
cross-talk simultaneously in both the land and groove 
regions. Where the thickness of the first dielectric layer 
14 is in the neighborhood of 170 nm, A$ is relatively 
20 small, i.e., A0 = 30 degrees. However, it is impossible to 
satisfy Ac > Aa. 

As shown above, it is difficult to apply the prior art 
phase change optical disk 30 for both the land/groove 
recording and the high linear speed mark edge record- 
's ing, and it is impossible to realize further density in- 
crease. 

SUMMARY OF THE INVENTION 

30 An object of the present invention is therefore to 
provide a phase change optical disk, which is applicable 
to both the land/groove recording and the high linear 
speed mark edge recording. 

According to one aspect of the present invention, 

35 there is provided a phase change optical disk compris- 
ing a first dielectric layer, a recording layer, a second 
dielectric layer, and a reflective layer, these layers being 
laminated in the mentioned order on a substrate, the re- 
flective layer being of a transparent material, and a third 

to dielectric layer being provided on the reflective layer. 

In the phase change optical disk, the following con- 
ditions is preferred: 



45 



so and 



2(Rc-Ra)/(Rc+Ra) > 0.9; 



Ac/Aa > 1 .05; 



4»a-(}»c < 30 degrees, 



55 where Rc, Ac and <J>c are a reflectivity, the light absorp- 
tion coefficient and an optical phase, respectively, as op- 
tical characteristics when the recording layer is in a crys- 
talline state, and Ra, Aa and<J>a are a reflectivity, a light 
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absorption coefficient and an optical phase, respective- 
ly, as optical characteristics when the recording layer is 
in a crystalline state. The transparent material is silicon 
or germanium. An ultraviolet cure resin layer is provided 
on the third dielectric layer. The light absorption coeffi- 
cient of the reflective layer when the recording layer is 
in the crystalline state is 10 % or below. The substrate 
is of polycarbonate, the first, second and third dielectric 
layers are ol ZnS-Si0 2 . Si0 2 , Ta 2 O s , SiN or AIN, the re- 
cording layer is of GeSbTe or AglnSbTe. 

By using a transparent material such as silicon or 
germanium as the reflective layer, it is possible to facil- 
itate the light absorption coefficient control and realize 
Ac > Aa. By using the third dielectric material, it is pos- 
sible to make the phase difference A<{> to be approxi- 
mately 0 degree by increasing the crystal/amorphous 
reflectivity difference while maintaining the recording 
signal quality. By setting the light absorption coefficient 
of the reflective layer to be 10 % or below, it is possible 
to prevent reduction of the cooling speed and form sat- 
isfactory amorphous mark. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic sectional view showing an em- 
bodiment of the phase change optical disk accord- 
ing to the present invention; 

Figs. 2 to 4 show exemplary optical characteristics 
or recording characteristics versus thickness ol the 
third dielectric layer in the phase change optical disk 
shown in Fig. 1; 

Figs. 5 and 6 show a different example of optical 
characteristics and recording characteristics with 
respect to the thickness of the third dielectric layer 
in the phase change optical disk as shown in Fig. 1 ; 
Figs. 7 and 8 show a further example of optical char- 
acteristics and recording characteristics with re- 
spect to the thickness of the recording layer in the 
phase change optical disk shown in Fig. 1 ; 
Figs. 9 and 1 0 show an example of optical charac- 
teristics and recording characteristics with respect 
to the thickness of the first dielectric layer in the 
phase change disk shown in Fig. 1; 
Figs. 1 1 shows an example of optical characteristics 
and recording characteristics with respect to the 
thickness of the reflective layer in the phase change 
disk shown in Fig. 1 ; 

Fig. 12 is a schematic sectional view showing a prior 
art phase change optical disk; and 
Fig. 13 is a graph showing optical characteristics 
versus thickness of the first dielectric layer in the 
phase change optical disk shown in Fig. 12. 

PREFERRED EMBODIMENTS OF THE INVENTION 

Fig. 1 is a schematic sectional view showing an em- 
bodiment of the phase change optical disk according to 
the present invention. Referring to the Figure, a phase 



change optical disk 10 is shown, which is obtained by 
laminating on a substrate 12a first dielectric layer 14, a 
recording layer 1 6, a second dielectric layer 1 8, a reflec- 
tive layer 20, and a third dielectric layer 22 in the men- 

5 tioned order. An ultraviolet cure resin layer 24 is provid- 
ed as a protective layer on the third dielectric layer 22. 

The substrate 12 is of polycarbonate (PC). The first 
to third dielectric layers 14, 18 and 22 are of ZnS-Si0 2 , 
Si0 2 , Ta 2 O s , SiN, AIN, etc., the recording layer 16 is of 

io GeSbTe, AglnSbTe, etc., and the reflective layer 20 is 
of a transparent material such as silicon (Si) or germa- 
nium (Ge). 

Figs. 2 to 4 show exemplary optical characteristics 
or recording characteristics versus thickness of the third 
is dielectric layer in the phase change optical disk shown 
in Fig. 1. Specifically, Fig. 2 is a graph showing optical 
characteristics where A$ represents a phase difference, 
R: reflectivity coefficient, and A: absorption coefficient, 
Fig. 3 is a table showing optical characteristics, and Fig. 
4 is a graph showing recording characteristics. Refer- 
ence is hereinafter had to Figs. 1 to 4. 

The first to third dielectric layers 14, 18 and 22 were 
formed by using ZnS-Si0 2 , the recording layer 16 was 
formed by using Ge 2 Sb 2 Te 5 , and the reflective layer 20 
was formed by using Ge. As the substrate 12 was used 
one made of polycarbonate (PC) and having a thickness 
of 1 2.2 mm, a groove pitch of 1 .4 u.m and a groove depth 
of 75 nm. The thickness of the first dielectric layer 14 
was set to 220 nm, the thickness of the recording layer 
16 was set to 13 nm, the thickness of the second die- 
lectric layer was set to 25 nm, the thickness of the re- 
flective layer 20 was set to 40 nm, and the thickness of 
the third dielectric layer 22 was set to 50 to 140 nm. 
These layers were laminated by sputtering in the men- 
tioned order. After the lamination, the ultraviolet cure 
resin layer 24 was spin coated to a thickens of 10 u.m. 
In Fig. 3, the thickness of the third dielectric layer 22 is 
shown as five different values, i.e., 55, 75, 85, 95 and 
115 nm. 

As shown in Figs. 2 and 3, A<J> can be varied as de- 
sired by varying the thickness d of the third dielectric 
layer while maintaining the condition Ac> Aa. Since it is 
possible to increase 2(Rc-Ra/(Rc+Ra), high signal qual- 
ity can be ensured. As shown in Fig. 3, A0 can be varied 
as desired, and the individual phase change optical 
disks have substantially the same optical characteristics 
except A<J>. 

Fig. 4 shows results of jitter measurement during 
over-writing by using an optical head at a wavelength of 
685 nm and with an objective lens N. A. of 0.55 by setting 
a linear speed of 15 m/s after initialization. The meas- 
urement was made by over-writing the signal at 5.2 MHz 
over the signal at 3.6 MHz by under conditions of a re- 
cording frequency of 3.6 MHz and a duty ratio of 50 % 
and also of a recording frequency of 5.2 MHz and a duty 
ratio of 50 %. As shown in Figs. 3 and 4, it was observed 
that satisfactory characteristics of both land and groove 
are obtainable under a condition of A(f> < 30 degrees. 
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Figs. 5 and 6 show a different example of optical 
characteristics and recording characteristics with re- 
spect to the thickness of the third dielectric layer in the 
phase change optical disk as shown in Fig. 1 . Fig. 5 is 
a table showing the optical characteristics, and Fig. 6 is s 
a graph showing the recording characteristics. Refer- 
ence is now had to Figs. 1 , 5 and 6. 

In this example, the same materials were used for 
the individual layers as those in the preceding first ex- 
ample except that Si was used for the reflective layer 10 
20. On the substrate 12 the first dielectric layer 14 was 
laminated to a thickness of 230 nm, the recording layer 
16 was laminated to 12 nm, the second dielectric layer 
18 was laminated to 25 nm, then the reflective layer 20 
was laminated to 55 nm, and the third dielectric layer 22 is 
was laminated to 80, 85, 90 and 95 nm. The individual 
layers were laminated by sputtering. After the lamina- 
tion, the ultraviolet cure resin layer 24 was spin coated 
to a thickness of 10jim. As shown in Fig. 5, the individual 
phase change optical disks have substantially the same 20 
optical characteristics except for At|). The recording 
characteristics shown in Fig. 6 are results of measure- 
ments made under the same conditions as in the first 
example. As shown in Figs. 5 and 6, it was observed 
that satisfactory characteristics of both land and groove 2s 
are obtainable under a condition of Acf> < 30 degrees. 

Figs. 7 and 8 show a further example of optical char- 
acteristics and recording characteristics with respect to 
the thickness of the recording layer in the phase change 
optical disk shown in Fig. 1 . Fig. 7 is a table showing the 30 
optical characteristics, and Fig. 8 is a graph showing the 
recording characteristics. Reference is now had to Figs. 
1, 7 and 8. 

In this example, the same materials are used for the 
individual layers as in the first example. On the substrate 35 
12 the first dielectric layer 14 was laminated to a thick- 
ness of 220 nm, the recording layer 16 was laminated 
to 10, 12, 20 and 24 nm, the second dielectric layer 18 
was laminated to 25 nm, then the reflective layer 20 was 
laminated to 40 nm, and the third dielectric layer 22 was 40 
laminated to 85 nm. The individual layers were laminat- 
ed by sputtering. After the lamination, the ultraviolet cure 
resin layer 24 was spin coated to a thickness of 1 0 um 
As shown in Fig. 7, the individual phase change optical 
disks all met a condition of A(J> < 30 degrees, but were 45 
different in the value of Ac/Aa. The recording character- 
istics shown in Fig. 8 are results of measurements made 
under the same conditions as in the first example. As 
shown in Figs. 7 and 8, it was observed that satisfactory 
characteristics of both land and groove are obtainable so 
under a condition of Ac/Aa > 1 .05. 

Figs. 9 and 1 0 show an example of optical charac- 
teristics and recording characteristics with respect to the 
thickness of the first dielectric layer in the phase change 
disk shown in Fig. 1. 55 

Fig. 9 is a table showing the optical characteristics, 
and Fig. 10 is a graph showing the recording character- 
istics. Reference is now had to Figs. 1 , 9 and 10. 



In this example, the same materials were use for 
the individual layers as in the second example On the- 
substrate 12 the first dielectric layer 14 was laminated 
to a thickness of 200, 210, 220, 230, 240 nm, the re- 
cording layer 16 was laminated to 10 nm, the second 
dielectric layer 18 was laminated to 20 nm, then the re- 
flective layer 20 was laminated to 50 nm, and the third 
dielectric layer 22 was laminated to 60 nm. The individ- 
ual layers were laminated by sputtering. After the lami- 
nation, the ultraviolet cure resin layer 24 was spin coat- 
ed to a thickness of 10 um 

As shown in Fig. 9, the individual phase change op- 
tical disks all met conditions Ac/Aa > 1 .05 and A<f>< 30 
degree, but were different in values 2(Rc-Ra)/(Rc+Ra). 
For the recording characteristics, (1-7)modulated data 
was recorded and the error rate was measured by using 
an optical head with a wavelength of 685 nm and an 
objective lens N.A. of 0.55 at a linear speed of 15 m/s 
after initialization. As shown in Figs. 9 and 10, suitable 
error rate smaller than 1x10" 5 for 2(Rc-Ra)/(Rc+Ra). 

Figs. 11 show an example of optical characteristics 
and recording characteristics with respect to the thick- 
ness of the reflective layer in the phase change disk 
shown in Fig. 1 . 

In this example, the samo materials were use for 
the individual layers as in the first example. On the sub- 
strate 12 the first dielectric layer 14 was laminated to a 
thickness of 220 nm, then the recording layer 16 was 
laminated to 13 nm : then the second dielectric layer 18 
was laminated to 25 nm, then the reflective layer 20 was 
laminated to 20, 40, 50, 60 and 80 nm, and then the third 
dielectric layer 22 was laminated to 85 nm. The individ- 
ual layers were laminated by sputtering. After the lami- 
nation, the ultraviolet cure resin layer 24 was spin coat- 
ed to a thickness of 10 u,m. 

As shown in Fig. 11, the individual phase change 
optical disks all met conditions 2(Rc-Ra)/(Rc+Ra) > 0.9 
and Ac/Aa > 1 .0, but were different in the light absorption 
coefficient of Ge in the amorphous state. For the record- 
ing characteristics, the C/N in over-writing was meas- 
ured by using an optical head with a wavelength of 685 
nm and an objective lens N.A. of 0.55 at a linear speed 
of 15 m/s after initialization. The recording frequency 
was set to 3.6 MHz, and the duty ratio was set to 50 %. 
As shown in Fig. n, the C/N is deteriorated when the 
light absorption coefficient of Ge as the reflective layer 
20 exceeds 10 %. 

As has been described in the foregoing, with the 
phase change optical disk according to the present in- 
vention, which comprises the first dielectric layer, the re- 
cording layer, the second dielectric layer, the reflective 
layer ol a transparent material, and the third dielectric 
layer, these layers being laminated in the mentioned or- 
der on a substrate, the reflective layer facilitates light 
absorption coefficient control and permits Ac > Aa to be 
realized. In addition, the third dielectric layer permits in- 
creasing the reflectivity between crystal and amor- 
phous, thus making the phase difference to be approx- 



BNSDOCID: <EP 0766240A2_I_> 



4 



7 



EP 0 766 240 A2 



8 



innately 0 degree while maintaining high recording signal 
quality. Moreover, by making the light absorption coeffi- 
cient of the reflective layer to be 10 % or below, it is pos- 
sible to prevent reduction of the cooling speed and ob- 
tain satisfactory amorphous mark formation. The 
present invention is thus applicable to both land/groove 
recording and high linear speed mark edge recording, 
and permits realizing density increase and speed in- 
crease. 

Changes in construction will occur to those skilled 
in the art and various apparently different modifications 
and embodiments may be made without departing from 
the scope of the invention. The matter set forth in the 
foregoing description and accompanying drawings is of- 
fered by way of illustration only. It is therefore intended 
that the foregoing description be regarded as illustrative 
rather than limiting. 



5. The phase change optical disk according to claim 
1 , wherein an ultraviolet cure resin layer is provided 
on the third dielectric layer. 

5 6. The phase change optical disk according to claim 
1 , wherein the light absorption coefficient of the re- 
flective layer when the recording layer is in the crys- 
talline state is 10 % or below. 



10 7. The phase change optical disk according to claim 
1, wherein the substrate is of polycarbonate, the 
first, second and third dielectric layers are of ZnS- 
Si0 2 , Si0 2 , Ta 2 O s , SiN or AIN, the recording layer 
is of GeSbTe or AglnSbTe. 



Claims 20 

1. A phase change optical disk comprising a first die- 
lectric layer, a recording layer, a second dielectric 
layer, and a reflective layer, these layers being lam- 
inated in the mentioned order on a substrate, 25 

the reflective layer being of a transparent ma- 
terial, and a third dielectric layer being provided on 
the reflective layer. 

2. The phase change optical disk according to claim 30 
1. which meets conditions of: 



2(Rc-Ra)/(Rc+Ra) > 0.9; 
Ac/Aa > 1.05; 



35 



and 

40 



cj>a-((ic < 30 degrees, 



where Rc, Ac and <|>c are a reflectivity, the light ab- 
sorption coefficient and an optical phase, respec- 4s 
tively, as optical characteristics when the recording 
layer is in a crystalline stale, and Ra, Aa and (f>a are 
a reflectivity, a light absorption coefficient and an 
optical phase, respectively, as optical characteris- 
tics when the recording layer is in an amorphous so 
state. 

3. The phase change optical disk according to claim 
1, wherein the transparent material is silicon. 

55 

4. The phase change optical disk according to claim 
1, wherein the transparent material is germanium. 
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